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Eosinophilic Esophagitis Is a Late Manifestation of
the Allergic March
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What is already known about this topic? Despite its allergic nature, the epidemiologic relationship between eosinophilic
esophagitis (EoE) and classical members of the allergic march is not known.

What does this article add to our knowledge? We compare the rate of EoE diagnosis in allergic and nonallergic
children. Our findings suggest that EoE is a late manifestation of the allergic march.

How does this study impact current management guidelines? This observation expands our understanding of a pillar
concept in the field of allergy and supports more active screening of allergic children for EoE symptoms.
BACKGROUND: The allergic march describes the natural
history of allergic conditions as they develop during childhood.
Eosinophilic esophagitis (EoE) is a chronic allergic inflammatory
disease that can be triggered by specific foods. Despite its allergic
pathophysiology, the epidemiologic relationship between EoE
and established members of the allergic march is unknown.
OBJECTIVE: We sought to determine whether EoE meets
epidemiologic criteria for being considered a member of the
allergic march.
METHODS: Using a primary care birth cohort of 130,435
children, we determined the natural histories of atopic dermatitis
(AD), IgE-mediated food allergy (IgE-FA), asthma, EoE, and
allergic rhinitis (AR) in individual patients. We then performed
case-control analyses to establish the extent that existing allergic
conditions influence the rate of subsequent EoE diagnosis.
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RESULTS: A total of 139 children developed EoE during the
observation period (prevalence of 0.11%). The peak age of EoE
diagnosis was 2.6 years, as compared with 0.3 years, 1 year, 1.1
years, and 2.1 years for AD, IgE-FA, asthma, and AR, respec-
tively. The presence of AD (hazard ratio [HR] 3.2, 95% confi-
dence interval [CI] 2.2-4.6), IgE-FA (HR 9.1, 95% CI 6.5-12.6),
and asthma (HR 1.9, 95% CI 1.3-2.7) was independently and
cumulatively associated with subsequent EoE diagnosis. The
presence of AR was associated with subsequent EoE diagnosis
(HR 2.8, 95% CI 2.0-3.9), and the presence of EoE was associ-
ated with subsequent AR diagnosis (HR 2.5, 95% CI 1.7-3.5).
CONCLUSIONS: Allergic comorbidities are positively
associated with EoE diagnosis. Together, our findings suggest
that EoE is a late manifestation of the allergic march. � 2018
American Academy of Allergy, Asthma & Immunology (J Allergy
Clin Immunol Pract 2018;6:1528-33)

Key words: Allergic march; Atopic dermatitis; Food allergy;
Allergic rhinitis; Asthma; Eosinophilic esophagitis

The allergic march (otherwise known as the atopic march)
refers to the natural history of allergic manifestations as they
develop during infancy and childhood.1 Although the term
“atopy” is often associated with IgE-mediated hypersensitivity, in
the context of the march, IgE is a pathophysiologic mediator of
some but not all allergic diseases. With our improved under-
standing of allergic pathophysiology, it is now understood that
the march is a stereotyped progression of conditions that have
common genetic and environmental predisposing factors, and
share the immunologic feature of a “type 2” inflammatory
response that can include the development of antigen-specific
TH2 responses, generation of allergen-specific IgE molecules,
activation of granulocytes, and other features, such as mucous
production and edema.1

Classically, the march begins with atopic dermatitis (AD) and
progresses to IgE-mediated food allergy (IgE-FA), asthma, and
allergic rhinitis (AR).1 Though not present in all allergic
individuals,2 this characteristic progression has allowed numerous
epidemiologic studies that have measured the associations
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between different allergic conditions. For example, prior work
has shown that the presence and severity of AD is associated with
higher rates of IgE-FA, asthma, and AR,3,4 whereas the presence
of IgE-FA is associated with the development of asthma and
AR.5,6 In addition to exhibiting a characteristic progression, a
second feature of the march is that members may impart an
individual and cumulative allergic risk. For example, children
with a history of AD and allergen sensitization have higher rates
of asthma as compared with children with AD alone.7 These
epidemiologic observations are likely the result of common
genetic and/or environmental risk factors,8-10 as well as a shared
type 2 inflammatory pathophysiology.1

Eosinophilic esophagitis (EoE) is a chronic allergic inflam-
matory disease of the esophagus that is triggered by specific foods
or pollens. If left untreated, EoE can result in significant
impairment in quality of life due to odynophagia, esophageal
stricture formation, and food impaction.11,12 There is evidence
to suggest that EoE may be a member of the allergic march.13

For example, EoE is characterized by allergic inflammation12

and is common in allergic individuals.14-16 In addition, EoE
shares susceptibility loci with all of the other march members
including polymorphisms in thymic stromal lymphopoietin and
signal transducer and activator of transcription 6.8,9,17 Finally,
epidemiologic associations have been made between IgE-FA and
Demographic characteristics of birth and disease cohorts

tic Birth (130,435) AD (14,726) IgE

(n)

51 (66,838) 55 (8,118)

49 (63,597) 45 (6,608)

)

49 (64,301) 32 (4,692)

32 (42,821) 52 (7,706)

Pacific Islander 4 (4,539) 5 (701)

2 (2,060) 1 (186)

13 (16,714) 10 (1,441)

(n)

or Latino 6 (8,200) 6 (815)

anic or Latino 94 (122,235) 94 (13,911)

% (n)

004 10 (13,279) 16 (2,445)

009 46 (60,155) 51 (7,462)

014 44 (57,001) 33 (4,819)

% (n)

33 (43,582) 44 (6,419)

icaid 67 (86,853) 56 (8,307)

ermatitis; AR, allergic rhinitis; EoE, eosinophilic esophagitis; IgE-FA, IgE-m
EoE,18 and aeroallergens can exacerbate EoE in some
individuals,19 supporting pathophysiologic links between EoE
and members of the march. Despite these observations, rigorous
epidemiologic studies of EoE in the context of the allergic march
are lacking, largely due to the fact that EoE is relatively rare.13

Here, we examine a large primary care birth cohort that includes
patients seen in ourCenter for Pediatric EosinophilicDisorders.We
determine whether EoE fits the epidemiologic criteria of the allergic
march, including: (1) exhibiting a stereotyped incidence in relation
to establishedmarchmembers, (2) having an increased prevalence in
children with preceding allergic comorbidities, and (3) being
associated with higher rates of developing subsequent allergic
conditions. This study provides the first comprehensive epidemio-
logic evaluation of EoE in the context of the allergic march.
METHODS

Cohort generation and data extraction
The Children’s Hospital of Philadelphia (CHOP) network is

both an international referral center and a provider of primary and
subspecialty care services to patients residing in the greater Delaware
Valley. Our primary care network, consisting of 31 sites, has been
validated as an accurate tool for estimating disease rates across our
broader community population.20 The allergy section at CHOP,
which includes 6 care locations, is the largest provider of subspecialty
allergy care services in the region. In addition, it is an international
referral center for EoE and has developed one of the largest pediatric
cohorts for this condition through the Center for Pediatric Eosin-
ophilic Diseases.

To examine the epidemiologic relationship between EoE and
members of the allergic march, we extracted electronic medical
record (EMR) data from January 1, 2001, to December 31, 2017,
for patients seen in the CHOP primary care network. A single
outpatient EMR system was used during this time period (EMR;
Epic Systems, Verona, Wis). Direct patient identifiers (eg, medical
Cohort (n)

-FA (11,725) Asthma (24,745) EoE (141) AR (22,272)

57 (6,712) 60 (14,800) 72 (102) 57 (12,596)

43 (5,013) 40 (9,945) 28 (39) 43 (9,676)

51 (6,012) 40 (9,797) 62 (87) 43 (9,642)

30 (3,590) 47 (11,541) 22 (31) 44 (9,860)

6 (678) 2 (623) 6 (8) 3 (587)

2 (191) 1 (372) 2 (3) 1 (268)

11 (1,254) 10 (2,412) 8 (12) 9 (1,915)

5 (550) 6 (1,602) 6 (9) 6 (1,248)

95 (11,175) 94 (23,143) 94 (132) 94 (21,024)

10 (1,176) 15 (3,654) 11 (16) 18 (4,008)

50 (5,876) 53 (13,228) 58 (81) 58 (13,017)

40 (4,673) 32 (7,863) 31 (44) 24 (5,247)

26 (3,053) 43 (10,536) 23 (33) 38 (8,527)

74 (8,672) 57 (14,209) 77 (108) 62 (13,745)

ediated food allergy.



The allergic march
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FIGURE 1. The allergic march. Density incidence of atopic
dermatitis (AD), IgE-mediated food allergy (IgE-FA), asthma,
allergic rhinitis (AR), and eosinophilic esophagitis (EoE) by age.

-
2.5-
1.71.9-
1.79.11.5-
1.93.21.52.5-

Secondary Diagnosis

Pr
im

ar
y

D
ia

gn
os

is

AD IgE-FA Asthma EoE AR
AD

IgE-FA
Asthma

EoE
AR

Allergic march hazard ratios

2.8

FIGURE 2. Cox hazard ratios indicating the effect of primary
allergic diagnosis on the likelihood of secondary allergic diagnosis.
White represents no correlation and red represents positive cor-
relation, with darker color representing a stronger relationship.
AD, Atopic dermatitis; AR, allergic rhinitis; EoE, eosinophilic
esophagitis; IgE-FA, IgE-mediated food allergy.
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record numbers and names) were removed to create a dataset with
only limited identifiers (eg, date of birth and dates of health care
encounters). Data analyses were completed using R version 3.3.2 (R
Foundation, Vienna, Austria). We identified an EMR-based virtual
primary care birth cohort of 130,435 children who established care
in our primary care network before their first birthday, and between
January 1, 2001, and December 31, 2015. To ensure adequate
follow-up to assess the outcomes of interest, we excluded individuals
who received primary care from a CHOP-affiliated practice for less
than 2 years (ie, their last office visit occurred less than 2 years after
their first office visit). Observation time for children was censored on
the date of their last face-to-face outpatient health care encounter in
our health system before their 17th birthday, and we assumed that
patients were observed continuously until they were censored.

Definitions of conditions studied

We ascertained the presence or absence of allergic conditions of
interest (AD, IgE-FA, asthma, AR, and EoE) within individuals
using a combination of International Classification of Diseases
Ninth or Tenth Revision diagnosis codes for AD (691.nn; L21.nn),
asthma (493.n; J45.nn), AR (477.nn; J30.n), and EoE (530.13;
K20.0), as well as allergen information and/or medication
prescriptions consistent with previously validated methods.5,18 All
diagnoses were made in accordance with established practice pa-
rameters.21 To minimize inclusion of false diagnoses, we required
patients to have diagnosis codes for each condition during at least 2
separate care visits occurring at least 6 months apart. The presence of
a food allergen in the allergy module of our EMR was required for
inclusion in our IgE-FA cohort.5,18 To maximize the specificity of
our asthma cohort, we excluded diagnosis codes relating to reactive
airway and postviral wheeze, and any asthma diagnoses made before
the age of 1 year. We also required prescriptions for asthma-specific
medications (eg, albuterol, inhaled corticosteroid) on at least 2
separate dates. Finally, to minimize the likelihood of including
lactose intolerance and gluten sensitivity (celiac disease) in our
analysis, we recoded patients with diagnosis codes corresponding to
these conditions as non-milk or non-wheat allergic, respectively.

Statistics
We studied longitudinal disease diagnosis in individuals across

our birth cohort and performed case-control comparisons with
adjustments for demographic covariates (birth year, race, ethnicity,
gender, and payer type). Peak age of diagnosis was defined as the
mode of the disease incidence curves, and we used the paired
Wilcoxon signed rank sum to test statistical differences in age of
disease onset among children who experienced both diseases. In all
comparisons, the exposure of interest (eg, AD) was considered pre-
sent if it preceded the outcome of interest (eg, EoE) in a given in-
dividual. Similarly, we treated children who had the “exposure
condition” after the “outcome condition” the same as children who
did not have the exposure condition during our observation time.
Because of the variable follow-up time, we chose cox proportional
hazard ratios (HR) with 95% confidence intervals (CI) to present
our results. Kaplan-Meier estimators were used to measure risk over
time. After adjustment for the demographic covariates, P values less
than .05 were considered significant.

Availability of data and materials

The dataset supporting the conclusions of this article is available
in the Zenodo repository.22

Ethical and regulatory oversight
The CHOP Institutional Review Board reviewed our study and

determined that it was exempt from requiring ethics approval or
subject consent, as it did not meet the definition of “human subject”
research.
RESULTS

Cohort demographics
The demographic characteristics of our study cohorts are listed

in Table I. Our overall cohort was evenly split between male and
female patients; however, consistent with prior studies, EoE was
found to be more common in Caucasian males.18,23 The age
distribution of patients in each of the disease cohorts was similar
to prior studies, and was representative of the natural histories of
the respective conditions (eg, patients in the IgE-FA cohort were
on average younger than those in the AR cohort).5 Finally,
private insurance was the most common payer type across our
study cohorts.
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FIGURE 3. Presence of allergic disease increases the likelihoodof eosinophilic esophagitis (EoE) diagnosis.A,Kaplan-Meier curve displaying
the influence of atopic dermatitis (AD) on EoE diagnosis byage.B, Influence of IgE-mediated food allergy (IgE-FA) on EoE diagnosis byage.C,
Influence of asthma on EoE diagnosis by age. D, Influence of 1 or more atopic conditions on EoE diagnosis by age.
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Peak EoE incidence is after that of AD, IgE-FA,

asthma, and similar to AR
We first established population-level disease incidence patterns

for AD, IgE-FA, asthma, AR, and EoE. Consistent with prior
studies, we found that the peak ages of diagnosis for AD, IgE-FA,
asthma, and AR were 0.3 years, 1 year, 1.1 years, and 2.1 years,
respectively.5 Notably, the peak age of diagnosis for EoE was 2.6
years, placing its peak incidence after that of AD, IgE-FA, and
asthma, and statistically coincident with AR (Figure 1). These
findings indicate that the peak incidence of EoE is after that of AD,
IgE-FA, and asthma, and coincident with AR, on a population level.

Allergic march members are associated with

subsequent EoE diagnosis
When studying disease acquisition patterns, population-level

associations can miss interindividual variability.24,25 As such,
we studied longitudinal disease development in individuals across
our birth cohort and performed case-control comparisons with
adjustments for demographic covariates. Consistent with prior
studies, the presence of AD, IgE-FA, or asthma was positively
associated with the development of subsequent allergic march
members (as defined by our population-level incidence patterns)
(Figure 2).5 Notably, the presence of AD (HR 3.2, 95% CI 2.2-
4.6), IgE-FA (HR 9.1, 95% CI 6.5-12.6), and asthma (HR 1.9,
95% CI 1.3-2.7) was independently associated with an increased
rate of subsequent EoE diagnosis (Figure 2 and Figure 3, A-C),
with the presence of IgE-FA having the strongest effect.18

We next sought to ascertain whether there was a cumulative
effect of multiple preceding allergic conditions on the rate of
subsequent EoE diagnosis. Consistent with this hypothesis, the
rate of EoE diagnosis was higher among individuals with more
than 1 preceding allergic condition (Figure 3, D; HR [95% CI]
of 2.45 [1.56-3.87], 5.60 [3.52-8.90], 9.13 [5.22-15.96] for 1,
2, or 3 allergic conditions, respectively). Finally, as AR and EoE
were coincident, we examined the association between these
conditions in a bidirectional manner. First, we found that the
presence of AR was associated with an increased rate of subse-
quent EoE diagnosis (Figure 2 and Figure 4, A; HR 2.8, 95% CI
2.0-3.9). In addition, the presence of EoE was associated with an
increased rate of subsequent AR diagnosis (Figure 2 and Figure 4,
B; HR 2.5, 95% CI 1.7-3.5). Together, these findings indicate
that the presence of 1 or more established allergic march
members is individually and cumulatively associated with the
subsequent development of EoE, and that AR and EoE are
closely associated with each other.
DISCUSSION
The allergic march is a long-standing pillar of the allergy field

that has acted as a framework to explain both the
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pathophysiologic links among allergic conditions and the con-
current global increase in the prevalence and severity of allergic
diseases in recent decades. Importantly, the march also has
considerable relevance to patient care as it provides a mechanism
to estimate risk for the development of additional allergic sequela
in allergic individuals.1 However, the concept of the allergic
march has come under recent criticism stemming from the fact
that initial studies used epidemiologic evidence from
cross-sectional populations, as opposed to studying longitudinal
disease development in individual patients.24,25 As such, pro-
gression through all allergic manifestations on the march may not
be as common as previously thought.2

To avoid this potential confounder and ensure that our asso-
ciations reflect natural covariance of conditions within individuals
(as opposed to population-level patterns), we adopted 2 analytic
approaches with our birth cohort. First, we performed traditional,
population-level examinations of disease incidence patterns to
establish peak ages of disease onset for each condition of interest.
This approach established that on a population level, the peak
incidence of EoE is after that of AD, IgE-FA, and asthma, and is
statistically coincident with that of AR. To our knowledge, this is
the first head-to-head comparison of population-level EoE disease
incidence rates with those of other allergic conditions.

In a second approach, we retrospectively examined longitudinal
disease acquisition patterns within individual patients. In this
manner, we were able to estimate individual disease risk relation-
ships, and power these associations across our birth cohort. Via this
approach, we found that a history of AD, IgE-FA, and asthma was
independently and cumulatively associated with an increased rate
of EoE diagnosis. In addition, we found that AR and EoE were
significantly associated with each other. This bidirectional asso-
ciation is consistent with AR and EoE being coincident in our
cohort, and with prior studies that have suggested these conditions
share a close pathophysiologic relationship.19

There are some limitations of our study that should be noted.
First, this study is a secondary analysis of health records at a
single institution collected as part of routine care. We relied
primarily on diagnosis codes to identify conditions of interest,
and choice of diagnosis codes results in potential biases in our
data collection, and may be affected by billing or administrative
constraints. Similarly, there may have been changes in the use of
specific diagnosis codes over the study period that could influ-
ence our population-level disease incidence estimates. Second, it
is possible that an additional peak age of disease onset was not
detected in our analysis due to the variable observation time
among children in our cohort. Third, EoE can go undiagnosed
for a period of time as symptoms are nonspecific and diagnostic
endoscopy can lag behind initial presentation. As such, our peak
incidence estimate of 2.6 years may be later than actual disease
onset. Fourth, it should be noted that ours is an open birth
cohort. Thus, even though we took care to extract data on pat-
ents followed in our primary care clinics, patients may have
established diagnoses outside of our health care system. Similarly,
we treated children who had the “exposure condition” after the
“outcome condition” the same as children who did not have the
exposure condition during our observation time. Both of these
assumptions could have the effect of biasing our results towards
the null hypothesis. Therefore, the measurements reported here
may be underestimates of actual risk associations.

Together, our findings suggest that EoE is a late manifestation
of the allergic march in some individuals. These findings have
broad implications for our understanding of EoE pathophysi-
ology and suggest that sensitization to foods and/or aeroallergens
early in life may predispose to EoE development. Clinically, our
results support the need for more active screening of allergic
patients for EoE symptoms.
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